We study different incarnations of the Tully-Fisher (TF) relation for the Local Volume (LV) galaxies taken from Updated Nearby Galaxy Catalog. The UNGC sample contains 656 galaxies with W 50 HI-line-width estimates, mostly belonging to low mass dwarfs. Of them, 296 objects have distances measured with accuracy better than 10%. For the sample of 331 LV galaxies having baryonic masses log M bar > 5.8 log M ⊙ we obtain a relation log M bar = 2.49 log W 50 + 3.97 with observed scatter of 0.38 dex. The largest factors affecting the scatter are observational errors in K-band magnitudes and W 50 line widths for the tiny dwarfs, as well as uncertainty of their inclinations. We find that accounting for the surface brightness of the LV galaxies, or their gas fraction, or specific star formation rate, or the isolation index do not reduce essentially the observed scatter on the baryonic TF-diagram. We also notice that a sample of 71 dSph satellites of the Milky Way and M31 with known stellar velocity dispersion σ * tends to follow nearly the same bTF relation, having slightly lower masses than that of late-type dwarfs.
Introduction
Since the first wholesale observations of galaxies in the HI 21 cm line, some tight correlations between different integral properties of spiral galaxies were exposed (Roberts 1969 , Balkowski et al. 1974 . Later Tully & Fisher (1977) noticed the clear power-law correlation between HI 21 cm line width and optical luminosity of galaxies, and suggested to use this dependence to measure distances of galaxies. Since then, more than a thousand articles have appeared, addressing to the Tully-Fisher (=TF) relation in different bands of optical and infrared wavelength with different indicators of inner rotation amplitudes. Tully & Pierce (2000) have calibrated the TF relation in B, R, I, and K bands, mentioning that the slope of the TF relation grows systematically with wavelength. According to these authors, scatter on the diagram is small for massive disk galaxies, allowing to measure distances of spiral galaxies with an accuracy of about 20%. A linear relation between HI line width W 50 measured at the 50% level of the maximum and standard optical diameter for flat edge-on galaxies (Karachentsev 1989; Karachentsev et al. 1999 ) is a particular instance of the TF relation. For Sc-Sd galaxies with apparent axis ratio a/b > 7, this method also yields the distance accuracy of ∼ 20%.
Later, McGaugh and coauthors noted that TF relation connecting mass of a dark halo and baryonic mass of a galaxy should additionally account for mass of a gas component (McGaugh 2005; 2012 ). This correction turned out to be mostly significant for dwarf irregular galaxies evolving slower than spirals, with extant primordial gas presumably prevailing over star component. This version of Tully-Fisher diagram is known as the baryonic TF (= bTF) relation.
The observed scatter in the TF diagram keeps steadily growing from massive spirals to dwarf galaxies. The main reason of the scatter is the growth of observational uncertainties in apparent magnitudes and line widths log W 50 increasing towards dwarfs. Another reason may be the shallow potential well of a dwarf galaxy where gas can easily escape due to some external factors. One more reason for the scatter may be the irregular shape of dwarfs making it difficult to determine an inclination of rotation axis to the line of sight. Moreover, HI imaging study of low-mass dIr galaxies performed with the Giant Metrewave Radio Telescope (GMRT) showed that a direction of HI major axis for some tiny dwarfs does not always coincide with the direction of their optical major axis (Begum et al. 2008a ). It should be noted that the neutral hydrogen layers of many galaxies may be warped: the inclination may significantly change in the outer parts (e.g., Garcia-Ruiz & Sancisi 2002) . Optical inclinations are often inappropriate for warped HI discs. These circumstances make rather uncertain the correction of rotation amplitude for dwarf galaxy inclination unless spatially resolved HI observations are available. Finally, dwarf galaxies usually have slowly rising rotation curves and reach the V f lat value in hardly detected peripheric regions. As a result, their V m = W 50 /(2× sin i) corresponds to only a part of the full rotation amplitude ). It should be also noted that bursts of star formation in a dwarf galaxy affect its integral luminosity more significantly than in a massive galaxy, causing one more source of scatter towards dwarf sector of the TF diagram.
The main goal of our paper is to improve a calibration of the TF relation on its low-mass end, using the local dwarf galaxies with accurately measured distances, that allows to up-date the distances of many remaining nearby dwarfs with already known HI line widths.
The Local Volume sample.
For obvious reasons, the most representative and homogeneous sample of dwarf galaxies can be obtained examining the closest volume of the Universe. Kraan-Korteweg & Tammann (1979) have made the first attempt to compile such a sample. Their list included 179 galaxies with radial velocities V LG < 500 km/s relative to the centroid of the Local Group. Due to the systematic sky surveys in the optical range and HI 21 cm line, the number of nearby galaxies with similar velocities grew rapidly. 25 years later, the Catalog of Neighboring Galaxies (=CNG, Karachentsev et al. 2004) amounted to 450 galaxies in the volume limited to depth of 10 Mpc. The refined and up-to-date version of this catalog, Updated Nearby Galaxy Catalog (=UNGC, Karachentsev et al. 2013 ) contains 869 galaxies with individual distance estimates D < 11 Mpc or radial velocities V LG < 600 km/s. More than 85% of this sample are dwarf galaxies with luminosities less than those of Magellanic Clouds. Various observational data on these objects including their images are compiled in the Catalog & Atlas of the Local Volume Galaxies (Kaisina et al. 2012 , http://www.sao.ru/lv/lvgdb/). The database is still being enlarged with new, mainly dwarf, galaxies and contains (as on September 2016) already 1049 objects distributed all over the whole sky. We use this sample below to construct the TF diagram in its different incarnations.
The data on HI fluxes of galaxies, F (HI), expressed in HI-magnitudes m 21 = 17.4−2.5 log F (HI) according to Paturel et al. (1997) , as well as HI 21 cm line widths, W 50 , originate mainly from HI sky surveys: the HI Parkes All Sky Survey (=HIPASS; Koribalsky et al. 2004; Meyer et al. 2004; Wong et al. 2006; Staveley-Smith et al. 2016) , Arecibo Legacy Fast ALFA Survey (=ALFALFA; Giovanelli et al. 2005; Haynes et al. 2011) , Westerbork Survey (Kovaĉ et al. 2009 ) and special observations of selected dwarf galaxies (Huchtmeier et al. 2000 (Huchtmeier et al. , 2001 (Huchtmeier et al. , 2003 Begum et al. 2008a ). The individual references to these and other HI data are represented in the Local Volume (=LV) database (http://www.sao.ru/lv/lvgdb/). Table 1 presents numbers of the LV galaxies with distances measured via different methods. The first column corresponds to the total UNGC sample updated with recent observations, the second column refers to UNGC objects detected in the HI line. The first row shows the number of galaxies whose distances are measured with errors less than 10% : from the tip of red giant branch (TRGB), Cepheid luminosity (Cep), Supernovae (SN), RR Lyra variables (RR), color-magnitude diagram (CMD), and the horizontal branch (HB). The second row gives the number of galaxies with distance estimates obtained from surface brightness fluctuations (SBF). The accuracy of this method, according to Tonry et al. (2001) , is also about 10%, but this method is suitable for early-type galaxies with low amount of dust and gas, leading to the risk that the W 50 value for them can differ systematically from that of late-type galaxies of the same luminosity. The third row of the table refers to galaxies with distances determined from their membership (mem) in groups, where other (usually brighter) members have individual distance estimates. According to recent TRGB-distance measurements for galaxies with earlier fixed membership, the mean distance error for this category of galaxies is estimated by us as 17%. Galaxies with distances determined from the ordinary Tully-Fisher relation (TF) or its baryonic version (bTF) are denoted in the fourth row. The fifth row corresponds to galaxies with distance estimates collected from less reliable methods: luminosity of the brightest stars (bs), planetary nebula luminosity function (PN) or from apparent texture of an object (txt). The sixth row shows the number of galaxies with kinematic distance estimates obtained from their radial velocities where the Hubble parameter is set to H 0 = 73 km s −1 Mpc −1 and the virgocentric velocities are factored (h') or not (h). Finally, the total number of the LV galaxies with different distance estimates is shown in the last row.
As seen, our LV sample contains a total of 656 galaxies with estimates of W 50 and m 21 . Almost half of them have distances measured with an accuracy of 5−10%. This circumstance is particularly significant for nearby galaxies, because their small radial velocities can't be a robust indicator of distance being affected by peculiar motions.
A literature review shows that authors often preselect galaxies by some specific properties complicating the interpretation of TF diagram. For instance, Papastergis et al. (2016) in their study of the baryonic TF relation for heavily gas-dominated ALFALFA objects, selected only galaxies with apparent axial ratio less than 0.25, omitting a huge number of low mass galaxies which are gasrich but intrinsically thick. Sometimes authors do not completely specify their selection criteria or neglect galaxies deviating significantly from the TF regression line. It results in artificially reducing scatter in the TF relation. Below, we look toward keeping in our sample as many objects as possible, eliminating only face-on disks, or galaxies located in the Zone of Avoidance, or those with ambiguous distance estimates. In particular, we did not omit from our analisys a case of nearby bright galaxy M82 having accurate photometric data, the reliable estimate of the distance, W 50 width and inclination i, albeit this is a known starbust galaxy involved in a strong interaction with M81 impressively visible in HI (Yun et al. 1994 ).
Intrinsic axial ratio and inclination corrections.
The distribution of apparent axis ratios for the LV galaxies of different morphological types is shown in Figure 1 . The galaxies are marked by small circles. Many of them overlap with each other. The large circles and vertical rectangles indicate the mean values and the standard deviations for each type in de Vaucouleurs scale. The left side of the diagram ( T < 1) contains mostly HI undetected objects. In general, the intrinsic axial ratio is larger for lenticular and irregular galaxies than for spirals, and among the spirals is smaller for the late types than for the early ones. The minimum flattening corresponds to the Sd galaxies (T = 7), although a thin edge-on galaxy would be classified as Sd instead of Sc or Sm since one cannot appreciate the degree of structure in the pattern at i ≃ 90 deg.
As it was already mentioned, uncertainties in correction for inclination of dwarf galaxies may 
where q = b/a is the apparent axial ratio. In case of CNG sample, the intrinsic flattenings q 0 = (b/a) 0 were taken equal to 0.07 for morphological types T = 6 or 7, 0.12 for types 5 or 8, 0.18 for types 4 or 9 and 0.20 for all other morphological types, according to the Second Reference Catalog (RC2) by de Vaucouleurs et al. (1976) . This relation between the intrinsic axial ratio and de Vaucouleurs morphological type is represented in Fig. 1 by a dotted line with open circles. Analyzing the apparent axial ratio statistics for dwarf galaxies taken from the UNGC, Roychowdhury et al. (2013) confirmed the known fact that disks of dwarf galaxies are much thicker than it was assumed in RC2. These authors obtained the mean intrinsic flattening of 0.57. Just the same value was found by Sanchez-Janssen et al. (2016) for dwarf population of the Virgo cluster. The authors of both papers noted that the apparent axial ratio statistics for dwarf galaxies is better described by a model of oblate triaxial spheroid with axes ratio 1.00 : 0.94 : 0.57. Also, Roychowdhury et al. (2010) derived approximately the same axial ratio for HI images of dIr galaxies based on FIGGS data from GMRT (Begum et al. 2008a ). Paturel et al. (1997) suggested a refined set of q 0 values depending on morphological type T , which was used in UNGC to determine the inclination i from relation (1):
log(q 0 ) = −0.38 for T = 9, 10.
The behaviour of intrinsic flattenings versus morphological type in this case is depicted by the dashed line with grey circles in the Fig. 1 . The recipe of Paturel et al. (1997) for q 0 seems to be significantly more realistic than the previous scheme used in RC2. Yet, the condition (2) presumably underestimates the actual thickness of the disks of dwarf galaxies, resulting in their inclination i estimates. Here we should point out a big leap in the condition (2) passing from morphological type T = 8 to 9. A typical scatter in morphological classification of ∆T = ±1 can lead to a significant error in galaxy inclination. Yuan & Zhu (2004) analyzed a sample of 14988 disk galaxies taken from LEDA database and derived for them the relation log(q 0 ) = −0.580 − 0.067 × T for T ≤ 7
log(q 0 ) = −2.309 + 0.185 × T for T = 8, 9, 10.
This distribution is shown in the Figure 1 by the solid line with black circles. It looks as intermedian between those adopted in CNG and UNGC samples for most morphological types.
There is another way to evaluate the intrinsic axial ratio using stellar mass instead of optical morphology. Sanchez-Janssen et al. (2010) investigated the role of stellar mass in shaping the intrinsic thickness of dwarf systems. They found that the intrinsic axial ratio varies with stellar mass in a parabolic fashion having the minimum value near the stellar mass M * = 2×10 9 M ⊙ . In our LV sample the distribution of all 1049 galaxies according to their total luminosity in K-band, L K , and morphological type is shown in Figure 2 . Assuming an approximate ratio Bell et al. 2003) this diagram can be transformed into the M * vs. T distribution. The mean values of L K and standard deviations are marked, like in Fig. 1 , by large circles and rectangles. The shape of diagram resembles parabola with the maximum near Sb-type and a scatter increasing towards both the sides.
The number distribution of all LV galaxies with their K-band luminosity is illustrated by Figure 3 . Among them, the 656 HI-detected galaxies are marked by dark color. As one can see, a fraction of the LV galaxies with the HI detections decreases systematically from bright to faint objects. More than 99% of the HI detected galaxies are concentrated within the luminosity range of log(L K ) = 6.0 -11.0. Such a segregation along L K -axis may be a source of specific bias in the statistics of apparent and intrinsic flattenings. Figure 4 represents the distribution of 1049 LV galaxies with their apparent axial ratio and K-band luminosity. Galaxies detected and undetected in HI are indicated by filled and open small circles, respectively. The large circles and vertical rectangles correspond to the average value of q and its dispersion in bins of ∆ log(L K ) = 1.0. The diagram shows a clear tendency for minimal values of q to follow the parabolic envelope line with the absolute minimum of q = 0.05 near log(L K ) ≃ 9. Some dwarf gasless galaxies, like UMaI, deviate from the envelope line. They usually locate close to a massive neighboring galaxy (Martin et al. 2008) , and their alongated shape can be caused by tidal perturbation. Bradford et al. (2016) explored a sample of 930 isolated galaxies with axial ratios determined from the Sloan Digital Sky Survey (SDSS) and suggested for them a relation between true flattening and stellar mass of a galaxy as: q 0 = 0.85 − 0.057 × log(M * /M ⊙ ). According to this formula, the q 0 value grows monotonically from 0.2 for massive galaxies up to 0.5 for dwarfs. However, there is no place still for the common fact that the minimal values q 0 ≃ 0.05 correspond just to the low mass galaxies of Sd-Sdm types.
Following Sanchez-Janssen et al. (2010), Lelli et al. (2016a) adopted the parabolic relation:
which reaches a minimum value of q 0 = 0.15 at log(M * ) = 9.0 and gives q 0 = 0.4 at log(M * ) equals 7.0 and 11.0. Both the relations by Bradford et al.(2016) and Lelli et al. (2016a) are shown in Figure 4 with dotted and dashed lines respectively.
Exploring properties of the LV galaxies and taking into account axial ratio statistics for ultraflat galaxies (Karachentseva et al. 2016) , we re-parametrized the parabolic relation and found the optimum parameters:
This modified parabolic distribution, shown in Fig. 4 with solid line, reaches a minimum value of q 0 = 0.059 at log(M * ) = 9.10. We have to stress here that equations (4) and (5) should not be extrapolated for stellar masses below ∼ 10 6 M sun since they give unphysical results (q 0 > 1).
If the distribution of galaxies over their intrinsic flatennings as a function of type or stellar mass is specified correctly, than, in the case of random spatial orientation of galaxy planes, the distribution of inclination angles will correspond to the sin i -law (Yuan & Zhu, 2004) . Fig. 5 represents the distribution of Local Volume galaxies over inclination i with step of 10 • under different assumptions (2)- (5) (2) for galaxy distribution over intrinsic axial ratios as well as cases (4) and (5), reproduces the expected sin i -law much better than the RC2 scheme adopted in the CNG. The most significant deviations from the expected law in all the cases owe to underestimating the number of face-on galaxies: i < 20 • . However, we have to exclude such galaxies from further consideration due to large uncertainties in corrected HI line width: W c 50 = W 50 / sin i. Another significant differences are seen in i > 70 • sector, but it has little effect on the corrected HI line width. One may suggest that the observed mismatch with the sin i-law may be driven by E, S0, and dSph galaxies. To test this hypothesis, we considered in the UNGC sample only galaxies with M * > 10 6 M sun and T > 0. As seen, this case shown by grey squares does not reduce the mismatch noticeably. Finally, the modified parabolic relation (5) connecting q 0 with M * is used by us in further study.
Stellar Tully-Fisher relation for dwarfs.
Considering different kinds of Tully-Fisher relation for the Local Volume, dominated by objects with low mass and luminosity, we have confined ourselves to the sample of galaxies with accurate distances (TRGB, Cep, SN, RR, CMD, HB). Then, we excluded from this sample two galaxies: Maffei2 and HIZSS03 with Galactic extinction of A G B > 3.0 m according to Schlafly & Finkbeiner (2011) . To reduce errors caused by the uncertainty in W 50 correction due to a galaxy inclination i, we further consider only galaxies with i > i lim = 45 • . This condition decreases our sample from 296 to 206. The analysis shows that stronger limitation does not change significantly the scatter in the TF diagram, but notably diminishes the sample volume. Fig. 6 reproduces the classical Tully-Fisher diagram as the relation between the blue absolute magnitude of a galaxy, corrected for Galactic and internal extinction, and the HI line width for 206 galaxies taken from the LV database. The internal extinction was accounted according to Verheijen & Sancisi (2001) :
if W 50 > 78 km s −1 , otherwise A i B = 0. In the upper panel of Fig. 6 , the measured width W 50 is plotted as abscissa covering the range from 10 to 500 km/s. The median value of W 50 for this sample amounts to 54 km/s which is much lower than that for other TF-samples examined by Geha et al. 2006; Bradford et al. 2015 Bradford et al. , 2016 Sales et al. 2016; Papastergis et al. 2016 . The M B vs log(W 50 ) relation is well described by the linear regression (a straight line) in the whole range of W 50 with a slope of −6.85 and a dispersion of σ M = 1.06 m . Here and below, the straight line in the TF diagram is a robust fit to the ensemble with errors in magnitudes. As seen, the dispersion increases appreciably while passing from massive spirals to dwarfs due mainly to observational errors. In the bottom panel, the corrected value of width, W c 50 = W 50 / sin i, is plotted on the horizontal axis. The view of the diagram has been changed subtly: the slope, −6.96, and the scatter, σ M = 1.10 m , remained nearly the same.
To evaluate the behaviour of scatter on the TF diagram as a function of limiting inclination angle i lim , we have consistently taken i lim = 30, 35, ...80 • . For each subsample we determined its new regression line and calculated dispersion σ M regarding to it. The results are presented in two panels of Fig. 7 . The left panel corresponds to the case when the inclinations were determined from equation (2) via optical morphology, and the right panel illustrates the another manner with equations (5) accounting stellar masses. The numbers over the upper border of both panels indicate galaxy numbers in each subsample. The solid line and dashed line correspond to observed, W 50 , and corrected, W c 50 , line width. These data show that giving away a half of the initial sample at i lim = (55 − 60) • , we may decrease the scatter only by 10 − 20%. Also, the correction of line width for inclination does not improve noticeably a dispersion on the TF diagram inhabited mainly by dwarf galaxies. In other words, the W 50 correction for inclination in the realm of dwarfs looks as just a formal, optional procedure. This curious peculiar phenomenon was already noticed by Obreschkow & Meyer (2013) .
As noted by many authors (Aaronson et al. 1979; Aaronson et al. 1986; Giovanelli et al. 1997; Tully & Pierce 2000) , the dispersion in the TF diagram decreases systematically towards long wavelengths where the effects of internal extinction and star-bursts are not so significant. Near infrared J, H, K s photometry of galaxies fulfilled in the 2MASS all-sky survey (Jarett et al. 2000 (Jarett et al. , 2003 provides background for constructing TF diagrams for spiral galaxies (Karachentsev et al. 2002 ). Yet, due to short expositions, the 2MASS survey has been found to be undersensitive for detecting low surface brightness objects, especially those ones having blue stellar population. About a half of the Local Volume galaxies stayed below the threshold of detectability. For many nearby dwarf galaxies, the integral K magnitude obtained in 2MASS does not trace the appreciable contribution of the galaxy's periphery. According to the data on deep photometry of dwarf galaxies in K and H bands (McCall et al. 2012 , Young et al. 2014 , the typical error of these magnitudes for dwarfs in 2MASS is about 0.6 m . If the accurate photometry was lacking, K magnitudes in UNGC were estimated by us from B magnitudes using the correlation between the mean color index B − K and morphological type of a galaxy (Jarrett et al. 2003) : B − K = 4.10 for the early morphological types E, S0, Sa; B − K = 2.35 for the late types Sm, Im, BCD, Ir and B − K = 4.60 − 0.25 × T for intermediate types T from 3 to 8.
The K band luminosity vs W 50 or W c 50 relation for 206 LV galaxies having accurately measured distances and i > 45 • is presented in the upper and lower panels of Fig. 8 , respectively. The galaxies with K s magnitudes from 2MASS are labeled with filled circles, while galaxies with K estimates made from the mean colour index B − K and morphological type T are marked with open ones. These data show once again that galaxies without 2MASS photometry tend to reside in the left lower part of the diagram. The median value of W 50 for them is 36.5 km/s, while for galaxies with 2MASS magnitude their median is twice as much. Notably, both categories of objects -with 2MASS magnitudes and with K estimates from the blue magnitude and morphological typefollow the same regression line. Its slope, 2.87, and dispersion, 0.46 are actually the same in the both panels of Fig. 8 .
As it has been found by Noordermeer & Verheijen (2007) and Schombert (2011) there is a systematic bias in 2MASS total magnitudes caused by some 2MASS surface photometry routines underestimating the luminosity of galaxies. This specific bias is especially significant for bright extended galaxies plentiful in the Local Volume. Since high-mass galaxies are star-dominated, a systematic underestimation of their K-luminosity may give shallower TF-slopes.
It should be also mentioned that the scheme of converting B magnitudes to K magnitudes adopted by Jarrett et al. (2003) is quite reliable in most cases. With a characteristic error of ∆T = ±1 in morphological typing of a galaxy, the expected error in K magnitude is ±0.25 m . However, for a special class of transition dwarf galaxies (dSph/dIr), a morphological typing mistake: T = −1 (dSph) else T = 10 (dIr) leads to a leap in their K magnitudes by 1.75 m . Albeit, there are only five objects of this class in our sample: ESO 410-005, ESO 294-010, LGS-3, Antlia and HS 117.
Gaseous TF-relation for dwarfs.
Besides the stellar mass of a galaxy, its hydrogen mass,
also shows a tight correlation with HI line width. In the relation above the distance D is expressed in Mpc and the flux F (HI) in Jy km s −1 . The distribution of 206 Local Volume galaxies over their hydrogen mass and HI line width W 50 is presented in the upper panel of Fig. 9 . The regression line has a slope of 2.08, and the dispersion amounts to σ(log M HI ) = 0.43. Passing from W 50 to W c
50
(middle panel) leaves unchanged the regression slope and the dispersion.
As known, some early-type galaxies and transition type dwarfs strongly deviate downward from the regression line in the gaseous TF diagram. On the bottom panel of Fig. 9 we excluded from our sample 16 gas-poor galaxies with colour index m 21 − K > 6.0 m , which approximately corresponds to the condition M HI /M * < 4%. This procedure slightly increases the slope (2.29) and decreases the dispersion (0.40). So we find that the TF dispersion of hydrogen mass for the late-type LV galaxies is of the same order as the TF dispersion of their stellar masses. Fig. 9 outlines the upper limit for M HI /(W c 50 ) 2 value marked as dashed straight line in the lower panel. According to Zasov (1974) , active star formation in disks of galaxies occurs usually near the threshold for their gravitational instability. This condition corresponds to the linear relation between the total mass of gas in a disk and its angular momentum: M HI ∝ V m × A 25 , where A 25 is a standard linear diameter of disk. Taking into account the scaling relation A 25 ∝ V m ∝ W 50 for UCNG galaxies ), the presence of upper limit of M HI /(W c 50 ) 2 value agrees well with the idea of Zasov. Examples of the galaxies residing close to the dashed line are: NGC6744 (W 50 = 323, log(M HI ) = 10.31, log(L K ) = 10.91) and KDG177 (W 50 = 30, log(M HI ) = 8.33, log(L K ) = 8.22).
6. Baryonic TF-relation for the Local Volume galaxies.
Over the last decade, a consensus has been achieved that a classical Tully-Fisher relation between the stellar mass (or luminosity) and the rotation amplitude, definable by dark halo mass, should also be contributed by the gas mass of a galaxy (McGaugh et al. 2000 , Verheijen 2001 , McGaugh 2005 . Such a correction is particularly essential for galaxies of extremely low luminosities where the significant part of the gas has not yet been turned into stars. The TF relation for the total (stars plus gas) mass is known as baryonic Tully-Fisher relation (=bTF).
Many authors have explored the slope of bTF relation (Geha et al. 2006; Stark et al. 2009; Begum et al. 2008b; McGaugh 2012; Gurovich et al. 2010; Reyes et al. 2011; Torres-Flores et al. 2011; Catinella et al. 2012; Bradford et al. 2015; Lelli et al. 2016b; Papastergis et al. 2016 ). According to McGaugh & Schombert (2015) , bTF diagram log(M bar ) ∝ β × log(V m ) has a slope of β = 4.0 in wide range of galaxy masses, which is not consistent with the expected value of β ≃ 3.0 for the standard cosmological model ΛCDM. The steep β ≃ 4 slope has been also determined by Verheijen Bradford et al. (2016) , the slope value β can vary from 2 up to 4 depending on methodological details of converting observational values W 50 , W 20 or V f lat to the amplitude of rotation curve, V rot . Also, as the most gas-rich dwarf galaxies follow the shallow relation M HI ∝ W 2.2 50 , than the high or low proportion of irregular dwarfs in the sample can appreciably affect the slope β. Anyway, it must be remembered that the W 50 line widths derived from spatially unresolved (single dish) observations give systematically shallower TF relation slope than flat rotational velocities, V f lat , from interferometric HI observations. The reason for this is due to the known effect that dwarf galaxies have slowly rising rotation curves and reach V f lat only in the outermost regions, where the HI surface densities are low and the S/N ratio goes down Lelli et al. 2014 ).
To determine the baryonic mass of a galaxy
two parameters should be held fixed: stellar-mass-to-K-luminosity ratio (or a similar ratio for any other photometric band) and the η factor used for converting neutral hydrogen mass to the total gas mass. The factor η is usually set to 1.33 taking into account the correction for Helium abundance. According to Fukugita & Peebles (2004) , adding molecular gas to consideration leads to a value of η = 1.85. However, this higher factor is typical only for disks of massive galaxies. The data by Young & Knezek (1989) and McGaugh & de Blok (1997) show that molecular-to-atomic hydrogen mass ratio decreases rapidly towards dwarf galaxies as
and for dwarfs (T ≥ 8) it does not exceed 0.05.
Yet, the situation with η value remains rather uncertain. It is commonly known (see, for example, Fukugita & Peebles 2004 ) that the observable quantity of baryons in galaxies and in hot intergalactic gas of clusters (∼ 0.005Ω) is by an order of magnitude less than expected from the standard cosmological model of nucleosynthesis (0.045Ω). It is suggested that the bulk of baryons escaping from observations is distributed as warm or hot intergalactic gas, which can be partially associated with galaxies. Attempts of detecting hot gaseous coronas were undertaken based on observations of absorbtion lines OVII and OVIII in quasar spectra (Stocke et al. 2013 ). According to Miller & Bregman (2015) , the mass of ionized gas around the Milky Way is (3.8 ± 0.3) × 10 9 M ⊙ within the radius of 50 kpc, and (4.3 ± 0.9) × 10 10 M ⊙ within 250 kpc. The last value is matching with the total stellar mass of the Milky Way (6 × 10 10 M ⊙ ) and is several times more than the mass of neutral hydrogen in our Galaxy. If such warm gaseous halo is typical for other massive and dwarf galaxies, than the dimensionless factor η can amount to ∼ 5. Varying η parameter, Pfenniger & Revaz (2005) and Begum et al. (2008b) concluded that the minimum dispersion in bTF diagram is reached within a wide range of η = (3 − 10). This result implicitly confirms that a large number of hot baryons may be associated with galaxies beyond the known amount of neutral gas in them.
The distributions of the Local Volume galaxies over baryonic mass and HI line width, W 50 or W c 50 , are presented in the upper and lower panels of As we have already mentioned, the correction for inclination in the case of dwarf galaxies does not play any significant role, so we included into our analysis another 56 faint dwarf galaxies with M B > −16.0 m and inclinations i < 45 • (marked as crosses in Fig. 11 ). We added also 69 mainly dwarf galaxies with distance estimates (mem) obtained from their membership in the known groups. The typical distance error for them is ∼ 17% or 0.14 dex in the scale of M bar , which is three times less than the observed TF scatter. These objects with arbitrary inclinations if M B > −16.0 m , or i > 45 • otherwise, are labeled as open diamonds. The regression line for the complemented sample of 331 galaxies has a slope of β = 2.49 and dispersion of σ(log M bar ) = 0.38.
To optimize the choice of Υ * K and η parameters for the Local Volume galaxies we calculated their baryonic mass with various values of Υ * K from 0.40 to 1.00 and η from 1.33 to 5.0. The RMS deviations from the regression line for each combination of parameters are presented as matrix in Table 2 . The differences in σ(Υ * K , η) turn out to be small. The minimum value of dispersion, 0.352, is found along the matrix diagonal going from Υ * K = 0.40 and η = 2.50 to Υ * K = 1.00 and η= 5.0. This result could be interpreted in favour of the presence of dark (warm) gas around the LV galaxies, however, the TF-scatter in the current sample is rather dominated by various observational errors. Hence, its variations can not be really used to constrain intrinsic galaxy properties like Υ * K and η. The obtained parameters of regression lines for the different kinds of TF relations are summarized in Table 3 .
A secondary parameter in the bTF-diagram.
In literature, one can find different attempts of reducing the scatter of galaxies in the TullyFisher diagram by introducing some additional parameters (Kashibadze 2008; Kudrya et al. 2009; McCall et al. 2012) . Apparently, these parameters should be chosen as been independent on galaxy distance. The examples of such variables are: surface brightness of a galaxy, its gas fraction index, morphological type, apparent axial ratio, specific star formation rate, and isolation index. Strictly speaking, all of them still show a slight dependence on distance due to different effects of observational selection. It should be also kept in mind that the listed parameters may be mutually correlated. Nevertheless, the search for a secondary parameter in the bTF relation offers a chance to improve the accuracy of measuring galaxy distances by such approach (if the application of the corresponding parameter does not drop the sample number essentially).
As candidates, we have tested the following parameters available in the UNGC.
1) The mean surface brightness in B band within the Holmberg isophote, 2) The gas fraction index (B c T − m 21 ).
3) The specific star formation rate, P = log(SF R) − log L K + 10.14, normalized to the age of Universe. Here, the integral star formation rate was defined either from apparent magnitude in far ultraviolet based on GALEX data (Gil de Paz et al. 2007) log(SF R[M ⊙ × yr (2011) and A i B from equation (6). All three parameters are independent from the distance D, and their values are available in our database for most LV galaxies. We also tested two parameters, characterizing the local environment of a galaxy: the index of isolation
which distinguishes among the plenty of nearby galaxies the most significant neighbor (the main disturber=MD), whose tidal force, F n ∼ M n /D 3 n dominates all other neighbors . Here, D n is the 3D separation of a neighboring galaxy, and the value of constant C = −10.96 was chosen so that at Θ 1 = 0 the neighbor n is located on the zero velocity sphere relative to the MD. At that, the galaxies with Θ 1 > 0 turned out to be members of a certain group, and the negative values of Θ 1 corresponded to isolated galaxies. The tidal index Θ 1 or actually a stellar density contrast, contributed by one, most important neighbor, i.e. MD, can significantly change with time due to orbital motions of galaxies. That is why we also used another isolation index
which is the sum of the density contrasts produced by five most important neighbors. The value of constant C here is the same as in Equation (7).
Four panels of Fig. 12 show the relation between a galaxy deviation from the regression line and the value of each of four mentioned parameters. The galaxy subsample designations are the same as in Fig. 11 . Table 4 provides the values of the regression slope β with its error, the RMS scatter σ, and the Pearson (ρ) and Kendall (τ ) correlation coefficients with their statistical significance p-values. No correlation is statistically significant since absolute values of all correlation coefficients are well below 0.2. The observed lack of environmental dependence of the bTF relation looks to be a rather unexpected result.
Bald (dSph) dwarfs in the TF-diagram.
As it is seen from Figures 3 & 4 , only 656 out of 1049 Local Volume objects have been detected in HI. The fraction of objects without HI-data is growing rapidly towards the low mass galaxies. About a third of the HI-undetected objects have been never observed in HI because they are located outside the HIPASS and ALFALFA surveys. The majority of the remainig undetected objects are dwarf spheroidal (dSph) and dwarf elliptical (dE) galaxies with a small admixture of transition dwarfs (dTr) and outlying globular clusters around M31. The relative number of true gas-poor dSph and dE galaxies (bald dwarfs) in the LV sample amounts to ∼ 20%. However, this quantity is rather uncertain. No evidence of gas or structure details, as well as low surface brightness, make dSphs very difficult to determine their distances and radial velocities. Actually, most their distances were estimated from supposed membership in the known groups. There is no any deep systematic survey for dSphs over the whole sky. In practice, dSph galaxies can be identified as the Local Volume objects only after resolving them into stars, which is possible to reach with the existing ground-based telescopes just within the Local Group and its immediate surroundings.
At present, radial velocities and stellar radial velocity dispersion, σ * , are measured for 69 dSph and 2 dE satellites of the Milky Way and M31. We compiled a summary of their σ * and stellar masses, based on the data from Collins et al. (2013 Collins et al. ( , 2014 and Wheeler et al. (2015) with additions from Walker et al.(2016) and Irwin & Tolstoy (2002) . Their distribution is presented in Fig. 13 , where horizontal bars indicate the measurement errors. As one can see, for many tiny dwarfs velocity dispersion is comparable with its typical error of ∼ (2 − 5) km/s.
Then, we incorporated the data on dSph and dE companions of the Milky Way and M31 into the bTF diagram, adopting the value W * = 2 √ 2 ln 2 × σ * as an analogue of the line width W 50 for the Gaussian function, and setting M bar = M * . The combined bTF diagram for 404 late-type and early-type galaxies is shown in Fig. 14. The gas-poor dwarfs are indicated by red stars. As seen, the population of dSphs forms a wide tail curved downward with much steeper bTF slope. An essential part of their scatter is caused by errors in σ * themselves. In the range of W > 20 km/s, most the early-type dwarfs follow nearly the same bTF relation as gas-rich galaxies, that has been found by McGaugh & Wolf (2010) and den Heijer et al. (2015) . Although in our opinion, the dSphs show at average lower masses than dIrs. Being improved in σ * errors, this diagram will be useful to test different scenarios describing transformation of late-type dwarfs into quenched dSphs. McGaugh & Wolf (2010) also noted that the deviations of dSphs from bTF relation are considerably more susceptible to tidal effects in Modified Newtonian dynamics (MOND) than in the standard dark matter paradigm.
The raw observational data on 402 galaxies of the Local Volume, including 71 dSphs, are compiled in Table 5 . Its columns contain: (1) galaxy name; (2) equatorial coordinates; (3) morphological type; (4) apparent axes ratio; (5) HI line width W 50 (or W * , marked by asterisk); (6) galaxy distance in Mpc and the method used to determine it; (7) logarithm of the K-band luminosity in solar units; (8) logarithm of hydrogen mass in solar masses; (9) logarithm of baryonic mass with parameters: Υ * = 0.60, η = 1.33. The full text of the Table is available online in http://www.sao.ru/lv/lvgdb/.
Discussion and concluding remarks.
Estimating the budget of errors responsible for the observed scatter of galaxies in the bTF diagram we have taken into account five different sources of the scatter. 1) Many dwarf galaxies in the UNGC sample have eye-ball estimates of apparent B magnitude with an accuracy of ∼ 0.5 m . An additional error appears while converting B magnitudes to K ones. Suggesting the total error σ(K) ≃ 0.6 m , we obtain its contribution to the baryonic mass error as σ(log M bar ) = 0.25.
2) Inspection of the HI line width errors in our sample yields the average mean-square value of 17% or 0.07 dex. At the slope of the regression line as β = 2.6, the contribution of σ(W 50 ) errors accounts to ∼ 0.18 dex, i.e. slightly less than the contribution of photometric errors.
3) According to Meidt et al. (2014) the scatter on the stellar mass-to-NIR luminosity ratio for galaxies amounts ∼ 0.11 dex.
4) The uncertainty in distances for the LV objects (∼ 10%) produces the error in calculating baryonic mass of ∼ 0.08 dex, being lower than from previous observables.
5) The typical observed error of HI flux for our sample galaxies is ∼ 20%, that gives ∼ 0.08 dex on the bTF plot. Therefore, after adding quadratic errors, the resulting expected error from these observables is σ(log M bar ) = 0.35. Performing its quadratic subtraction from the observed scatter of galaxies in the bTF diagram (0.38 dex), we obtain the intrinsic (cosmic) scatter in the baryonic mass to be σ(log M bar ) cosmic = 0.15. A part of this residual scatter is caused by imperfect recipe used to account inclinations of very low mass galaxies often having irregular shapes.
Our evaluation of the observed (0.38 dex) and intrinsic (0.15 dex) scatter in M bar for the sample of 331 nearby dwarf galaxies can be compared with other estimates from literature. It should be kept in mind, that in most papers devoted to baryonic Tully-Fisher relation the analysis is based on samples consisting of spiral galaxies with typical HI line width W 50 > 100 km/s, where dwarf galaxies are only a kind of supplement.
McGaugh (2012) selected 47 gas-rich galaxies in the range of log(M bar ) = [7 -11] log(M ⊙ ) and found for them the observed scatter of 0.24 dex. Just the same observed scatter, 0.24 dex, has been obtained by McCall et al. (2012) based on a deep K-band photometry of 19 late-type dwarf galaxies of the Local Volume. Their sample has a median value of log(M bar ) about 8.3 log(M ⊙ ). Lelli et al. (2016b) studied a sample of 118 spiral and irregular galaxies with a high quality data on their photometry and extended HI rotation curves. For this sample covering the baryonic mass range of log(M bar ) = [8.0 -11.5] log(M ⊙ ) the authors found the observed scatter of 0.22 dex and estimated the intrinsic scatter as 0.10 dex. Almost the same quantities of the observed and intrinsic scatter were obtained by McGaugh & Schombert (2015) for a sample of 26 S and dIr galaxies with the median V f lat velocity of 130 km/s. The sample of 97 gas-rich spiral and irregular galaxies selected by Papastergis et al. (2016) probes the bTF relation over the log(M bar ) = [8.5 -10.5] log(M ⊙ ). The authors derived for them the observed scatter of baryonic mass to be ∼ 0.22 dex. A close value, 0.25 dex, was found by Bradford et al. (2015) for a sample of 148 gas-rich galaxies from SDSS with stellar masses ranging between 10 7 and 10 9.5 M ⊙ . Recently, Bradford et al. (2016) performed a comprehensive analysis of slope and dispersion of the bTF relation using a sample of 930 isolated galaxies that have accurate photometry from the Sloan Digital Sky Survey (SDSS). Their sample extends over the baryonic mass log(M bar ) = [7.4 -11.3 ] log(M ⊙ ). The observed bTF scatter for the total sample is found to be 0.25 dex. In the same time, the sub-sample of 271 low-mass galaxies with W 20 < 200 km/s is characterized by larger scatter of 0.41 dex.
We suppose that improving the measurement accuracy of K magnitudes as well as W 50 widths, expected in forthcoming deep optical, NIR, and HI sky surveys, may reduce the observed scatter of log(M bar ) for the low-mass dwarfs till 0.20 dex, and thereby achieve the accuracy of bTF distances for them ∼ 0.10 dex, i.e. ∼ 25%. This improvement will be important to refine the peculiar velocity field in the Local Universe. 
